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Japanese Patent Laid-Open No . 9-73093/1997 
Laid-open Date: March 18, 1997 
Application No- 228968/1995 
Application Date: September 6, 1995 
Applicants: Toshiba Corporation 

Title of the Invention: Liquid Crystal Display Device and 
Production Method Thereof 

[Abstract] 

[Object] To solve display defect resulting from cell gap defect 
of a liquid crystal display device, 

[Constitution] Pillar spacers 13 are disposed in display 
outside regions, too. The number of pillar spacers 13 is 
increased in the display outside regions. Or the thickness 
of the pillar spacers 13 is increased in the display outside 
regions . According to this arrangement, a cell gap can be kept 
at a suitable gap even when a high pressure is applied to 
substrate peripheral portions when an array substrate 1 and 
an opposing substrate 2 are bonded, and display defect can be 
prevented. 

[Claims ] 

[Claim 1] A liquid crystal display device comprising: 

a liquid crystal sandwiched between a first 
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substrate and a second substrate; 

said first substrate including a plurality of pillar 

spacers for keeping a gap between said first substrate and said 

second substrate, and a first transparent electrode for 

applying a voltage to said liquid crystal; 

said second substrate including second transparent 

electrodes for applying a voltage to said liquid crystal; 

wherein said liquid crystal display device includes 

a display outside region around the outer periphery thereof 
for not executing display and a display region for executing 
display inside said display outside region, and the density 
of the number of said pillar spacers formed inside said display 
outside region is higher than the density of the number of said 
pillar spacers formed in said display region. 
[Claim 2] A liquid crystal display device according to claim 
1, wherein the density of the number of said pillar spacers 
formed in said display outside region becomes progressively 
higher at portions away from said display region. 
[Claim 3] A liquid crystal display device according to claim 
1, wherein said display outside region is divided into a 
plurality of regions in accordance with the distance from said 
display region, and the density of the number of said pillar 
spacers in said divided regions becomes progressively higher 
at portions away from said display region. 
[Claim 4] A liquid crystal display device comprising: 
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a liquid crystal sandwiched between a first 
substrate and a second substrate; 

said first substrate including a plurality of pillar 
spacers for keeping a gap between said first substrate and said 
second substrate, and a first transparent electrode for 
applying a voltage to said liquid crystal; 

said second substrate including transparent 
electrodes for applying a voltage to said liquid crystal; 

wherein said liquid crystal display device includes 
a display outside region for not executing display around the 
outer periphery thereof and a display region for executing 
display inside said display outside region, and the volume of 
said pillar spacers formed in said display outside region is 
greater than the volume of said pillar spacers formed in said 
display region* 

[Claim 5] A liquid crystal display device according to claim 
4, wherein the volume of said pillar spacers formed in said 
display outside region becomes progressively greater at 
portions away from said display region. 

[Claim 6] A liquid crystal display device according to claim 
4, wherein said display outside region is divided into a 
plurality of regions in accordance with the distance from said 
display region, and the volume of said pillar spacers in said 
divided region becomes progressively greater at portions away 
from said display region* 
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[Claim 7] A liquid crystal display device according to claim 
1 or 4 , wherein dummy patterns are formed in the regions in 
said second substrate corresponding to said pillar spacers. 
[Claim 8] A method of producing a liquid crystal display device 
comprising a liquid crystal sandwiched between a first 
substrate and a second substrate , said first substrate 
including a plurality of pillar spacers for keeping a gap 
between said first substrate and said second substrate and a 
first transparent electrode, said second substrate including 
thin film transistors each including a gate line, a gate 
insulation film and a signal line, and a second transparent 
electrode; wherein a fabrication process of said second 
substrate includes the step of forming dummy patterns at 
portions corresponding to said pillar spacers at a part of the 
step of fabricating said thin film transistor. 
[Claim 9 ] A method of producing a liquid crystal display device 
according to claim 8, wherein said step of forming said dummy 
patterns comprises the step of forming said gate line and the 
step of forming said gate insulation film. 

[Claim 10 ] A method of producing a liquid crystal display device, 
wherein said step of forming said dummy patterns comprises the 
step of forming said gate insulation film and the step of 
forming said signal line. 

[Claim 11 ] A method of producing a liquid crystal display device 
comprising a liquid crystal sandwiched between a first 
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substrate and a second substrate, said first substrate 
including a plurality of pillar spacers for keeping a gap 
between said first substrate arid a second substrate, and a firist 
transparent electrode; said method comprising the steps of: 

forming said pillar spacers on said first substrate; 

forming dummy patterns in regions of said second 
substrate corresponding to said pillar spacers; 

bonding said first substrate and said second 
substrate ; and 

cutting off said first and second substrates so 

bonded ; 

wherein said pillar spacers are formed in the regions 
of said first substrate that are to be cut off, too, in said 
step of forming said pillar spacers, and said dummy patterns 
are formed in the regions corresponding to said pillar spacers 
formed in the regions to be cut off, too. 

[Detailed Description of the Invention] 
[0001] 

[Field of Industrial Utilization] This invention relates to 
a liquid crystal display device. More particularly, it 
relates to a liquid crystal display device having a pillar 
spacer structure. 
[0002] 

[Prior Art] Liquid crystal display devices have been fabricated 
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at present by the process steps which comprise applying a 
sealant to one of two substrates to be bonded , putting this 
substrate to the other, and curing the sealant while a pressure 
is applied thereto by a press apparatus. A strong pressure 
is likely to be applied in this case to outer peripheral 
portions of the substrates . Because the gap between the 
substrates is thus likely to become small at their outer 
peripheral portions , the cell gap defect occurring this time 
results in display defect. If the spacer density is increased 
throughout the entire surfaces of the substrates in order to 
cope with the cell gap defect , vacuum bubbles are likely to 
develop in a liquid crystal layer. 
[0003] 

[Problems to be Solved by the Invention] In view of the problems 
described above, the present invention contemplates to provide 
a liquid crystal display device having high production yield 
and high display performance by reducing display defect that 
results from cell gap defect. 
[0004] 

[Means for Solving the Problems] According to the construction 
of a liquid crystal display device of the present invention 
and to the production method thereof , pillar spacers are formed 
in a high density in display outside regions around the outer 
peripheral portions of substrates. Or the pillar spacers are 
formed to a large thickness in the display outside regions. 
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In consequence , even when a high pressure is applied to the 
outer peripheral portions of the substrates during bonding of 
the substrates , the liquid crystal display device can withstand 
such a high pressure, and the gap in the outer peripheral 
portions does not become small. 
[0005] 

[Embodiment] 

(Embodiment 1) Hereinafter/ an embodiment of the present 
invention will be explained in detail with reference to the 
drawings. Fig. 1 is a sectional view of the liquid crystal 
display device according to this embodiment, and Fig. 2 is a 
plan view showing a layout pattern. Fig. 3 is an enlarged 
sectional view of a portion of a thin film transistor (TFT) 
6. Incidentally, Fig. 1 is a sectional view taken along a line 
A-A in Fig. 2. First, a liquid crystal 3 is sandwiched between 
an array substrate 1 as a lower substrate and an opposing 
substrate 2 as an upper substrate that are disposed in parallel 
with each other. The liquid crystal 3 is sealed by a sealant 
4. 

[0006] In the array substrate 1, TFTs 6 (see Figs. 2 and 3) 
as switching devices are fabricated on a glass substrate 5 
having a thickness of 1.1 mm, and pixel electrodes 7 are 
connected to the TFTs 6. An orientation film 8 is formed as 
the uppermost layer. Dummy patterns 25 for adjusting the 
height are formed at positions of the array substrate 1 
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corresponding to later^appearing pillar spacers 13 that are 
to be formed on the opposing substrates 2 when both substrates 
1 and 2 are later bonded. 

[0007] In the opposing substrate 2 , black screen layers 11 are . 
formed on a 1.1 mm-thick glass substrate 10 , and three colored 
layers 12 (R), 12(G) and 12(B) of R, G and B are formed in the 
gaps between the screen layers 11. The screen layer 11 is 
formed into a matrix between the pixels and into a wide belt 
shape around the outer peripheral portion. The inside of the 
screen layer 11 disposed at the outer peripheral portion is 
used as a display region, and a region that is inclusive of 
the screen layer 11 disposed at the outer peripheral portion 
and is outside the screen layer 11 is used as a display outside 
region. The display outside region also includes the outside 
of the sealant 4. The pillar spacers 13 are fabricated in the 
opposing substrate 2 both in the display region and the display 
outside region. The pillar spacers 13 are fabricated on the 
screen layer 11. The density of the number of pillar spacers 
formed in the display outside region is higher than the density 
of the number of pillar spacers 13 formed in the display region. 
A common electrode 14 is formed on the entire surface of the 
opposing substrate 2, and an orientation film 15 is formed on 
the uppermost layer. 

[0008] Incidentally, the first substrate in the present 
invention corresponds to the opposing substrate 2 in this 
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embodiment: and the second substrate do£s to the array substrate 
1 • The first transparent electrode corresponds to the common 
electrode 24 and the second transparent electrode, to the pixel 
electrode 7 . 

[0009] Next, the production process of the liquid crystal 
display device in this embodiment will be explained. First, 
explanation will be given on the production process of the 
opposing electrode 2. A photosensitive black resin is applied 
to the 1.1 mm-thick glass substrate 10 using a spinner, or the 
like. After the resin is dried at about 90 6 C for 10 minutes, 
it is exposed with a photoresist having a predetermined pattern 
as a mask. Development is then conducted using an alkaline 
solution, and firing is conducted at 200°C for 60 minutes, 
yielding an about 2.0 pm-thick screen layer 11. 
[0010] Next, a UV-curing type acrylic resin containing a red 
pigment dispersed therein is applied us ing a spinner . 
Ultraviolet rays are then radiated through a photomask so that 
they can be radiated to the portions which are to be colored 
in red and the portions at which the pillar spacers 13 are to 
be formed. Development is effected for about 10 seconds using 
a 1% aqueous solution of KOH, for example, forming the red 
colored layer 12 (R) and one layer of the three-layered pillar 
spacer 13. The outer peripheral portion of the substrates is 
to be cut off later, but the pillar spacers 13 are formed in 
the cut-off region, too (see Fig. 4). This arrangement makes 
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the cell gap defect: to occur more sparingly when the substrates 
are bonded. Similarly/ colored layers 12(G) and 12(B) are 
formed repeatedly at the portions which are to be colored in 
green and blue, respectively, and at the portions at which the 
pillar spacers 13 are to be formed. These colored layers 12 (G) 
and 12(B) are fired at 230°C for 60 minutes. In this way are 
formed the colored layers 12 (R), 12(G) , 12(B) and the pillar 
spacers 13. At this time, the film thickness of each of the 
red, green and blue colored layers 12 (R), 12(G) and 12 (B) is 
1.5 fxm. The diameter of the pillar spacer is 10 jua for 12 (R) , 
13 \m for 12(G) and 16 ym for 12(B). In other words, the 
diameter becomes greater towards the top, and the pillar spacer 
13 has an inverted taper shape. When the common electrode 14 
is later applied to cover the entire surface of the substrate, 
the common electrode 14 does not easily adhere to the side 
surface of the pillar spacer 13 with the result that the 
possibility of its electrical conduction with the array 
substrate 1 becomes extremely small. About 30 pillar 
spacers /mm 2 are formed in the display region and about 60 
pillar /mm 2 are formed in the display outside region. At this 
time, the pillar spacers 13 are formed on the screen layer 11. 
The pillar spacers 13 formed in the display region are arranged 
in such a fashion that when they are bonded to the array 
substrate 1, they exist over gate lines 20 or signal lines 30, 
and that the display outside region exists over dummy patterns 
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25 for adjustment of the height. The pillar spacers 13 in this 
embodiment exist over the gate insulating film 21 and the signal 
lines 30 in the display region and are placed on the duirany 
pattern 25 of the gate lines 20 and the gate insulating film 
21in the display outside region. Furthermore, the pillar 
spacers 13 will function as a barrier during a subsequent 
rubbing treatment and will define a shade region of rubbing. 
Therefore, the pillar spacers 13 must be arranged so that the 
shade portion does not exceed the region of the screen layer 
11 and does not either exert adverse influences on display. 
[0011] When the colored layers 12 are formed simultaneously 
with the pillar spacers 13 as in this embodiment, the number 
of process steps, that is, the steps for forming the spacers, 
can be reduced by one. However, the pillar spacers 13 need 
not always be formed simultaneously, but they may be formed 
separately by using a resin not containing the pigment after 
the colored layer is formed. 

[0012] Thereafter, an ITO (Indium Tin Oxide) film is sputtered 
to a film thickness of 1,500 angstroms. Polyimide, for example, 
is applied to this ITO film and a rubbing treatment is conducted 
to form the orientation film 15. The opposing substrate 2 is 
thus completed. 

[0013] Next, the production method of the array substrate 1 
will be explained. TFT 6 is formed on a 1 . 1 mm-thick glass 
substrate 5 by repeating film formation and patterning. Gate 
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lines 2 0 made of Mow (Molybdenum Tungsten) or MoTa (Molybdenum 
Tantalum), auxiliary capacitance lines not shown in the. 
drawings , and extension electrodes for transfer, that are 
integral with the auxiliary capacitance lines> are formed as 
shown in Fig. 3. SiOx is deposited to a thickness of 4,000 
angstroms by plasma CVD, forming the gate insulation film ,21. 
Here, a dummy pattern 25 is formed by the gate lines 20 and 
the gate insulation film 21 for the purpose of height adjustment 
at positions where the pillar spacers 13, provided to the 
opposing substrate 2, strike when the array substrate 1 is 
bonded to the opposing substrate 2. This dummy pattern 25 may 
be formed of the gate insulation film 21 and the signal line 
30. 

[0014] Next, a semiconductor layer 22 made of a-Si (amorphous 
silicon) is formed by plasma CVD and is then patterned into 
a predetermined shape. An electrode made of Mo/Al/Mo is formed 
in some cases through an n + a-Si ohmic contact layer, and is 
then patterned into desired shapes to form the source electrode 
23 and the drain electrode 24. 

[0015] ITO as the transparent electrode is patterned in such 
a fashion as to come into contact with the source electrode 
23, forming each pixel electrode 7. Finally, polyimide or the 
like is applied and the rubbing treatment is conducted to give 
the orientation film 8. 

[0016] The sealant 4 is printed along the periphery of the 
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orientation film 15 of the opposing electrode 2 in; such a manner 
as to leave the portion of an injection port. Then, the array 
substrate 1 aind the opposing substrate 2 aire put one upon 
another so that the orientation film 8 of thes array substrate 
1 and the orientation film 15 of the opposing substrate 2 oppose 
each other and the rubbing direction defines an anglie of 90 
degrees. Heating is conducted so as to cure the sealant 4 and 
to bond both substrates. 

[0017] Next, an empty cell is placed inside vacuum, and vacuum 
is gradually returned to the atmospheric pressure while the 
injection port is immersed in a liquid crystal material. In 
this way, the liquid crystal 3 can be charged. The outer 
peripheral portion of the substrates is cut off, and a desired 
liquid crystal device in this embodiment can be obtained. 
[0018 ] This embodiment represents an active matrix type liquid 
crystal display device using the TFT array substrate, and the 
screen layer is formed on the side of the opposing substrate. 
However, this embodiment can also be applied to a liquid crystal 
display device having a structure in which the screen layer 
is formed on the array substrate. In this case, the substrate 
on which the pillar spacers are formed and the substrate on 
which the screen layer is formed may be different. 
[0019] The TFT structure need not always be limited to the 
reserve stagger type that is used in this embodiment. 
Furthermore, the present invention can be applied to a simple 
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matrix type liquid crystal display device equipped with stripe 
electrodes on both upper and lower substrates. 
[0020 ] Needless to say, other various changes and modifications 
can be made for this embodiment • 

(Embodiment 2) In this embodiment , the display out side, region 
of the opposing substrate 2 in the embodiment 1 is divided into 
a region (Dl) close to the display region and a region (D2) 
apart from the display region as shown in Fig. 5. The density 
of the number of pillar spacers is set to about 30 pes /mm 2 in 
the display region, about 45 pes /mm 2 in Dl and about 60 pes /mm 2 
in D2. 

[0021] Incidentally, it is also possible to progressively 
increase the density at portions away from the display region 
instead of clearly dividing the region into Dl and D2 as 
described above. The rest of the constructions are the same 
as those of the embodiment 1. 

[0022] This embodiment can prevent the occurrence of vacuum 
bubbles, that are more likely to occur when the density of the 
pillar spacers 13 becomes higher, from occurring in the 
proximity of the display region, and can also reduce the cell 
gap defect. 

[0023] (Embodiment 3) This embodiment changes the volume of 
the pillar spacers 13 between the display region and the display 
outside region as shown in Fig. 6. Since the two substrates 
are arranged substantially parallel to each other in the liquid 
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crystal display device, the change of the volume of the pillar 
spacers has substantially the same meaning as the change of 
its thickness. However, this ddes not hold true of the case 
where the pillar spacer has a taper shape or when its thickness 
changes at its intermediate portion. 

[0024] In this embodiment, the diameter of the pillar spacer 
13 is set to about 10 fim for 12 (R) , about 13 fim for 12(G) and 
about 16 \im for 12(B) in the display region, and is about 20 
Mm for 12(R), about 26 |xm for 12(G) and about 32 jim for 12(B) 
in the display outside region. 

[0025] The rest of the instructions are the same as those of 
the embodiment 1 . 

(Fourth Embodiment) In this fourth embodiment, the display 
outside region is divided into a region D3 close to the display 
region and a region D4 apart from the display region as shown 
in Fig. 7. Furthermore, the diameter of the pillar spacer 13 
is set to about 10 \im for 12 (R), about 13 fjia for 12(G) and about 
16 tun for 12(B) in the display region, is set to about 15 \xm 
for 12 (R), about 20 \m for 12(G) and about 24 fjim for 12(B) in 
the display outside region D3, and is set to about 20 yaxi for 
12 (R), about 26 \m for 12(G) and about 32 \m for 12(B) in the 
display outside region D4 . 

[0026] Incidentally, the diameter of the pillar spacers may 
be progressively increased at portions away from the display 
region without clearly dividing the region into the regions 
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D3 and D4 (see Fig- 8). The rest of the constructions are. the 
same as those of the ei^odiment ; 1 . Each of the foregoing 
embodiments can variously be changed or modified as seen in 
such as a structure in which the screen layer; is f ormed on the 
array substrate, likewise in the embodiment 1. 
[0027] 

[Effect of the Invention] The present invention can improve 
the drop of the production yield resulting from the cell gap 
defect that occurs during bonding of the substrates, and can 
economically provide the liquid crystal display device having 
high display performance. 
[Brief Description of the Drawings] 

[Fig. 1] Fig* 1 is a sectional view of the liquid crystal display 
device in the embodiment 1 of the present invention. 
[Fig. 2] Fig. 2 is a plan view showing the array pattern of 
the liquid crystal display device according to the embodiment 
of the present invention. 

[Fig. 3] Fig. 3 is an enlarged sectional view showing the 
structure of a thin film transistor of the liquid crystal device 
in the embodiment of the present invention. 

[Fig. 4] Fig. 4 is a sectional view of the liquid crystal display 
device in the embodiment of the present invention, and shows 
the pillar spacers and the dummy patterns formed in the region 
of the substrate outer periphery portion that is to be cut off. 
[Fig. 5] Fig. 5 is a sectional view of the liquid crystal display 
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device in the embodiment 2 of the present invention. 

[Fig* 6] Fig. 6 is a sectional view of the liquid crystal display 

device in the embodiment 3 of the present invention. 

[Fig. 7] Fig. 7 is a sectional view of the liquid crystal display 

device in the embodiment 4 of the present invention. 

[Fig. 8 ] Fig. 8 is a sectional view of the liquid crystal display 

device in a modified embodiment of the embodiment 4 of the 

present invention. 

[Description of Reference Numerals] 

Is array substrate 

2: opposing substrate 

3: sealant 

4: liquid crystal 

5, 10: glass substrate 

6: thin film transistor 

7 : pixel electrode 

8,15: orientation film 

1 1 : screen layer 

12(H), 12(G), 12(B): colored layer 

13: pillar spacer 

14: common electrode 

20: gate line 

21: gate insulation film 

25: dummy pattern 

30: signal line. 
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